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30. (New) A LM609 CDR-grafted light chain polypeptide 
comprising a light chain polypeptide, or a functional fragment 
thereof, encoded by a LM609 CDR-grafted light chain variable 
region nucleotide sequence referenced as SEQ ID NO: 3, or a 
modification thereof . 

31. (New) The LM609 CDR-grafted heavy chain 
polypeptide of claim 30, wherein said functional fragment 
comprises a variable chain polypeptide or a CDR polypeptide. — 



REMARKS 



Claims 1-18 are under examination in the application. 
Claims 1, 3-15, and 17 have been amended above. New claims 26-31 
have been added. Support for the amendments and new claims can 
be found throughout the specification. Specifically, support for 
the amendment to a heavy chain polypeptide sequence "having 
greater than 88% identity with" SEQ ID NO:2 and a light chain 
polypeptide sequence "having greater than 79% identity with" SEQ 
ID N0S:4 or 32 can be found, for example, on page 45, lines 5-8. 
Support for the amendment to "a modification thereof that does 
not change the encoded amino acid sequence" can be found, for 
example, on page 17, lines 24-26. Support for new claims 26-31 
can be found, for example, on page 5, line 26, to page 6, line 7; 
page 14, line 24, to page 15, line 3; page 17, line 21, to page 
18, line 11, and page 18, lines 24-29; and in Figure 1. 
Accordingly, these amendments and new claims do not raise an 
issue of new matter and entry thereof is respectfully requested. 
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Applicant appreciates the time and helpful discussions 
held with Applicant's representative in the informal interview 
with Examiner Gambel and Mr. Schwartz on August 3, 1999,. 



antibody comprising at least one heavy chain polypeptide 
comprising a variable region amino acid sequence having greater 
than 88% identity with that shown in Figure 1A (SEQ ID NO:2) and 
at least one light chain polypeptide comprising a variable region 
amino acid sequence having greater than 79% with that shown in 
Figure IB (SEQ ID NO:4). The antibodies of the invention are 
non-mouse antibodies or functional fragments thereof that contain 
heavy and light chain CDR amino acid sequences derived from LM609 
and have integrin a v (J 3 binding activity, integrin a v (3 3 binding 
specificity or integrin a v (3 3 -inhibitory activity. Nucleic acids 
encoding LM609 CDR-grafted antibody heavy and light chains are 
additionally provided. Applicant has reviewed the Office Action 
and respectfully traverse all grounds for rejecting the claims 
for the reasons that follow. 



judicially created doctrine of obviousness type double patenting 
as allegedly unpatentable over claims 1-48 of copending 
application serial number 08/791,391. Applicant respectfully 
requests that this provisional ground of rejection be deferred 
until there is an indication of allowable subject matter. 



The present invention provides a LM609 CDR-grafted 



PROVISIONAL REJECTIONS OVER U.S. APPLICATION 



SERIAL NO. 08/790,540 



Claims 1-18 stand provisionally rejected under the 
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The Office Action appears to indicate that commonly 
assigned application serial No. 08/791,391 would form the basis 
for a rejection of the claims under 35 U.S.C. § 103 if the 
commonly assigned case qualifies as prior art under 35 U.S.C. 
§102 (f) or (g) and the conflicting inventions were not commonly 
owned at the time the invention in this application was made. 
The Office Action states that, in order for the Examiner to 
resolve this issue, the assignee is required under 37 C.F.R. 
§ 1.78(c) to either show that the conflicting inventions were 
commonly owned at the time the invention in the instant 
application was made or to name the prior inventor of the 
conflicting subject matter. The Office Action states that a 
failure to comply with this requirement will result in a holding 
of abandonment of the application. The Office Action concludes 
that a showing that the inventions were commonly owned at the 
time the invention in this application was made will preclude a 
rejection under 35 U.S.C. § 103 based upon the commonly assigned 
case as a reference under 35 U.S.C. § 102(f) or (g) . 

To satisfy the request in the Office Action to comply 
with 37 C.F.R. § 1.78(c), pursuant to 37 C.F.R. § 1 . 104 (a) (5) (i) 
Applicant submits herewith a copy of the Assignment made in 
co-pending application serial No. 08/791,391, showing that the 
application was assigned to Ixsys, Inc. and that the Assignment 
was recorded at Reel 8480, Frame 0714 (Exhibit 1) . Also 
submitted herewith is a copy of the Assignment made in the above- 
identified application, showing that the subject application was 
also assigned to Ixsys, Inc. and that the Assignment was recorded 
at Reel 8608, Frame 0497 (Exhibit 2) . In accordance with the 
requirements of 37 C.F.R. § 1 . 104 (a) (5) (i) , Applicant herewith 
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makes of record in the above-identified application the 
Assignment of co-pending application serial No. 08/791,391, which 
shows that the entire rights have been conveyed to Ixsys, Inc. 
Applicant respectfully submits that the showing herein of 
assignment of the entire rights to Ixsys, Inc. of both the above- 
identified application and co-pending application serial No. 
08/791,391 satisfies the requirements of 37 C.F.R. § 1.78(c), 
pursuant to 37 C.F.R. § 1.104(a) (5) (i) and as set forth in 
M.P.E.P. 706.02(1), as it relates to evidence required to 
establish common ownership for rejections under 35 U.S.C. 
§ 103(c) for subject matter that qualifies as prior art only 
under 35 U.S.C. § 102(f) or (g) . Accordingly, Applicant 
respectfully requests that the requirement for showing that the 
above-identif red application and co-pending application serial 
; No. 08/791,391 were commonly owned be withdrawn. 

REJECTIONS UNDER 35 U.S.C. § 112 

Claims 1-18 stand rejected under 35 U.S.C. § 112, first 
and second paragraphs, for the use of the term "substantially the 
same." Applicant maintains that the term "substantially the 
same" is clear in view of the teachings in the specification and 
that the specification provides enablement for a substantially 
the same amino acid or nucleotide sequence. 

Applicant would like to clarify for the record the 
meaning of the term "substantially the same, " as taught in the 
specification. Applicant respectfully disagrees with the 
Examiner's assertion in section 16 on page 7, lines 9-11, that 
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"applicant's specification and arguments, including those filed 
in Paper No. 5, have indicated that "substantially the same" 
encompasses LM609 or LM609 grafted antibody" and in section 19 on 
page 9, lines 9-11, of the Office Action mailed March 18, 1999, 
that "applicant's specification and arguments, filed in Paper 
No. 6, also indicate that "substantially the same" encompasses 
LM609, Vitaxin or LM609 grafted antibody." As taught in the 
specification on page 12, line 18, to page 13, line 16, and as 
discussed in the response mailed March 3, 1998, and the response 
mailed December 9, 1998, a "substantially the same" sequence 
means a nucleotide or amino acid sequence shows a considerable 
degree, amount or extent of sequence identity when compared to a 
reference sequence . A "nucleotide sequence which is 
substantially the same nucleotide sequence as a heavy or light 
chain of LM609, or a LM609 grafted antibody including fragments 
thereof, refers to a sequence which exhibits characteristics that 
are definitively known or recognizable as encoding or as being 
the amino acid sequence of LM609 or a LM609 grafted antibody" 
(page 13, lines 1-7; emphasis added). An "amino acid sequence 
which is substantially the same amino acid sequence as a heavy or 
light chain of LM609 grafted antibody or functional fragment 
thereof, refers to a sequence which exhibits characteristics that 
are definitively known or recognizable as representing the amino 
acid sequence of a LM609 grafted antibody and minor modifications 
thereof" (page 13, lines 9-16) . Accordingly, a nucleotide or 
amino acid sequence that is substantially the same as a LM609 
grafted antibody is recognizable as a LM609 grafted antibody. A 
nucleotide sequence that is substantially the same as LM609 is 
recognizable as LM609. Thus, Applicant respectfully submits that 
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the conclusion in the Office Action mailed March 18, 1999, that 
"substantially the same" encompasses LM609 or LM609 grafted 
antibody is an oversight and inaccurate. 

Although Applicant believes that the teachings in the 
specification regarding the meaning of the term "substantially 
the same" are sufficient to enable one skilled in the art to 
practice the invention as claimed and that the term 
"substantially the same" is clear and definite, in order to 
further prosecution, Applicant nevertheless has deleted the term 
"substantially the same" from the claims reciting said term- 
Therefore, Applicant respectfully submits that this rejection has 
been rendered moot by the deletion of the term "substantially the 
same" from the claims and respectfully request that this 
rejection under 35 U.S.C. § 112, first and second paragraphs, be 
withdrawn . 

REJECTIONS UNDER 35 U.S.C. § 102 

An issue of public use or on sale activity has been 
raised under 35 U.S.C. § 102(b). The Office Action states that 
articles in Biotechnology Newswatch , dated January 16, 1995, and 
February 6, 1995, disclose the use of LM609 antibody, including 
the humanized version of the antibody. 

Applicant respectfully maintains that the claimed LM609 
CDR-grafted antibody was not in public use or on sale in this 
country more than one year prior to the filing date of the above- 
identified application. The lack of on sale or public use 
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activity was corroborated by evidence presented in the form of a 
Declaration by Dr. Huse in the previous response mailed 
December 9, 1998. 

In regard to the previously submitted Declaration by 
Dr. Huse, Applicant respectfully disagrees with the assertion in 
the Office Action in section 13 on page 5 that "certain nucleic 
acids and cell lines associated with Vitaxin or the CDR-grafted 
LM609 antibody were the subject of these agreements." As 
indicated in the previously filed Declaration, nucleic acids 
encoding any LM609 grafted antibody, any cell lines containing 
nucleic acids encoding LM609 grafted antibody, and LM609 grafted 
antibody were maintained under the control of Ixsys, and 
confidentiality was maintained in any agreements with third 
parties. Furthermore, Applicant submits herewith as Exhibit 3 a 
Rule 132 Declaration by Dr. Huse attesting that Celltech 
Biologies was under obligation of confidentiality for use of any 
LM609 grafted antibody, including Vitaxin, nucleic acids encoding 
any Vitaxin or LM609 grafted antibody, cell lines containing 
nucleic acids encoding any Vitaxin or LM609 grafted antibody, and 
any related materials or information. Pages of the agreement 
between Ixsys and Celltech Biologies, provided as Exhibit A, show 
that the term "product" refers to LM609 grafted antibody. 
Exhibit A further shows that any LM609 grafted antibody, 
including Vitaxin, as well as nucleic acids encoding any Vitaxin 
or LM609 grafted antibody, cell lines containing nucleic acids 
encoding any Vitaxin or LM609 grafted antibody, and any related 
information, is obligated to be maintained in confidence by 
Celltech Biologies and any third parties involved in testing of 
the LM609 grafted antibody. 
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The Declaration states that Ixsys maintained control 
and confidentiality of Vitaxin and LM609 grafted antibody, 
nucleic acids encoding Vitaxin and LM609 grafted antibody, cell 
lines containing nucleic acids encoding Vitaxin and LM609 grafted 
antibody, related materials and their use during any involvement 
with third parties. The Declaration further states that neither 
Vitaxin nor LM609 grafted antibody were on sale or in public use 
more than one year prior to January 30, 1997. 

The Office Action requests that "the role of Scripps as 
the licensee" be addressed. Applicant respectfully submits that 
no statements or other information have been made of record 
indicating that Scripps is a licensee. 

In light of the above remarks and evidence in the form 
of Declarations by Dr. Huse submitted in the previous response 
mailed December 9, 1998, and herewith as Exhibit 3, Applicant 
respectfully maintains that LM609 grafted antibody and Vitaxin 
were neither on sale or in public use in this country more than 
one year prior to the filing date of the above-identified 
application and respectfully request that this rejection be 
withdrawn . 

Claims 1-18 stand rejected under 35 U.S.C. § 102(e) as 
allegedly anticipated by Brooks et al., U.S. Patent 5,753,230, 
issued May 19, 1998 (Brooks et al., 1998). The Office Action 
alleges that Brooks et al., 1998, describes LM609 antibody and 
humanized forms of the antibody as well as methods of using LM609 
antibody and humanized forms thereof. The Office Action alleges 
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that the claimed functional limitations would be inherent 
properties of the LM609 antibody and humanized forms thereof. 

Applicant respectfully submits that the claimed 
compositions directed to a LM609 CDR-grafted antibody are novel 
over Brooks et al., 1998. In particular, claims 1, 15 and 17, as 
amended, are directed to LM609 CDR-grafted antibody and 
polypeptides comprising a variable region amino acid sequence 
having greater than 88% identity with SEQ ID NO: 2 and a variable 
region amino acid sequence having greater than 79% identity with 
SEQ ID NO:4. 



In contrast, Brooks et al., 1998, does not teach the 
claimed human acceptor framework sequences with LM609 CDRs 
corresponding to SEQ ID NOS : 2 and 4 for LM609 CDR-grafted 
antibody. Therefore, Applicant respectfully submits that Brooks 
et al., 1998, does not teach the claimed antibodies having the 
structural characteristics of the specifically recited SEQ ID 
NOS. 



The Office Action alleges that Brooks et al., 1998, 
describes the LM609 antibody as well as humanized forms of this 
antibody and claims methods of using the LM609 antibody as well 
as humanized forms of this antibody. Applicant respectfully 
submits that Brooks et al., 1998,. at most indicates that 
humanized forms of LM609 may be made. However, Applicant 
contends that it is well known that CDR grafting often results in 
loss of antigen binding affinity. As evidence that it is well 
known that CDR grafting and humanization of antibodies often 
results in lower activity, Applicant submits herewith as Exhibit 
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4 a reference by Rader, Cheresh and Barbas, Proc. Natl- Acad. 
Sci. USA 95:8910-8915 (1998). As indicated on page 8914, column 
2, first full paragraph of Rader et al . : 

CDR grafting often yields humanized 
antibodies with much lower affinity because 
framework residues are involved in antigen 
binding, either indirectly, by supporting the 
conformation of the CDR loops, or directly, 
by contacting the antigen (26) [Foote and 
Winter, J. Mol . Biol. 224, 487-499 (1992)]. 
Therefore, it is usually necessary to replace 
certain framework residues in addition to CDR 
grafting. The fact that about 30 framework 
residues potentially contribute to antigen 
binding (26) [Foote and Winter, supra] makes 
this fine-tuning step very laborious. 

In contrast to Applicant's explicit teachings of 
methods for humanizing LM609 that retain integrin a v (3 3 binding 
activity, integrin a v p 3 binding specificity or integrin a v p 3 - 
inhibitory activity, Brooks et al . appears to describe the 
desirability of humanizing LM609 (column 17, line 62, to column 
18, line 3) . It is interesting to note that the humanized LM609 
antibody alleged to be described and enabled in Brooks et al . , 
1998, U.S. Patent No. 5,753,230, which was filed March 18, 1994, 
does not appear to have been made and published until 1998 (Rader 
et al., supra). Applicant contends that Brooks et al., 1998, 
does not teach humanized LM609 antibody but at most states a 
problem to be solved. Furthermore, Brooks et al., 1998, does not 
teach the claimed LM609 CDR-grafted antibody having a variable 
region amino acid sequence having greater than 88% identity with 
SEQ ID NO: 2 and a variable region amino acid sequence having 
greater than 79% identity with SEQ ID NO: 4. 
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In regard to the claimed nucleic acids, Applicant 
respectfully submits that Brooks et al., 1998, does not teach any 
of the nucleic acids having the structural characteristics of the 
specifically recited SEQ ID NOS . In particular, Brooks et al., 
1998, does not teach nucleic acids encoding a heavy or light 
chain variable region nucleotide sequence referenced as SEQ ID 
NOS: 1 or 3 . Accordingly, Applicant respectfully submits that 
Brooks et al . , 1998, does not teach the claimed nucleic acids 
having the structural characteristics of the specifically recited 
SEQ ID NOS. 

Applicant respectfully submits that Brooks et al., 
1998, does not teach the claimed LM609 CDR-grafted antibody and 
polypeptides comprising a variable region amino acid sequence 
having greater than 88% identity with SEQ ID NO: 2 and a variable 
region amino acid sequence having greater than 79% identity with 
SEQ ID NO: 4. Furthermore, Applicant respectfully submits that 
Brooks et al., 1998, does not teach a LM609 CDR-grafted antibody 
and polypeptides comprising a LM609 CDR-grafted heavy chain 
polypeptide encoded by a LM609 CDR-grafted heavy chain variable 
region nucleotide sequence referenced as SEQ ID NO:l, or a 
modification thereof, and a LM609 CDR-grafted light chain 
polypeptide encoded by a LM609 CDR-grafted light chain variable 
region nucleotide sequence referenced as SEQ ID NO: 3, or a 
modification thereof, having integrin a v (3 3 binding activity, 
integrin a v (3 3 binding specificity or integrin oc v (3 3 -inhibitory 
activity, as in new claims 26-31. Moreover, Applicant submits 
that Brooks et al., 1998, does not teach the claimed nucleic 
acids referenced as SEQ ID NOS : 1 and 3. Therefore, Applicant 
respectfully submits that the claimed antibodies and nucleic 
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acids, which are referenced as specifically recited SEQ ID NOS, 
are novel over Brooks et al., 1998. Accordingly, Applicant 
respectfully requests that this rejection under 35 U.S.C. 
§ 102(e) be withdrawn. 



Claims' 1-18 stand rejected under 35 U.S.C. § 102(f) 
because Applicant allegedly did not invent the claimed subject 
matter. The Office Action alleges that Applicant's arguments, 
the Huse Declaration filed in the response mailed December 9, 
1998, U.S. Patent 5,753,230, issued May 19, 1998 (Brooks et al., 
1998), and Biotechnology Newswatch articles, dated January 16, 
1995, and February 6, 1995, present an ambiguity with regard to 
the inventorship of the claimed invention. 



Applicant maintains that inventorship has been reviewed 
and determined to be correct. Dr. Huse has been determined to be 
the sole inventor of the claimed LM609 CDR-grafted antibody and 
encoding nucleic acids. In regard to Dr. Cheresh, Applicant 
maintains that Dr. Cheresh could be considered, at most, a 
scientific collaborator but not an inventor of the claimed 
antibodies and nucleic acids referenced as specifically recited 
SEQ ID NOS. 

In regard to. Brooks et al., 1998, Applicant 
respectfully submits that the claimed compositions are novel over 
Brooks et al., 1998, as described above. Specifically, claims 1, 
15 and 17, as amended, are directed to LM609 CDR-grafted antibody 
and polypeptides comprising a variable region amino acid sequence 
having greater than 88% identity with SEQ ID NO: 2 and a variable ■ 
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region amino acid sequence having greater than 79% identity with 
SEQ ID NO: 4 . 

In contrast, Brooks et al., 1998, does not teach the 
claimed human acceptor framework sequences with LM609 CDRs 
corresponding to SEQ ID NOS : 2 and 4 for LM609 ' CDR-graf ted 
antibody, as discussed above. Therefore, Applicant respectfully 
submits that Brooks et al., 1998, does not teach the claimed 
antibodies having the structural characteristics of the 
specifically recited SEQ ID NOS. 

Furthermore, Applicant respectfully submits that Brooks 
et al., 1998, does not teach the claimed nucleic acids encoding a 
heavy or light chain variable region nucleotide sequence 
referenced as SEQ ID NOS: 1 or 3 . As discussed above, Applicant 
respectfully submits that Brooks et al., 1998, does not teach the 
claimed nucleic acids having the structural characteristics of 
the specifically recited SEQ ID NOS. 

In light of the above remarks, Applicant respectfully 
submits that the claimed antibodies and nucleic acids are novel 
over Brooks et al., 1998. Moreover, as discussed below, 
Applicant respectfully submits that the claimed antibodies and 
nucleic acids are unobvious over Brooks et al., 1998. 
Accordingly, Applicant respectfully requests that the 
inventorship issues raised with respect to Brooks et al., 1998, 
be withdrawn. 

In regard to the Declaration by Dr. Huse submitted with 
the previous response mailed December 9, 1998, this previously 
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filed Declaration was directed to the issue of alleged public use 
or on sale activity. The statement of conception in this 
Declaration by Dr. Huse was there to put in perspective the 
relationship of how certain materials were obtained and 
maintained under the control of Ixsys. 

In summary, Applicant respectfully submits that 
Dr. Huse is the sole inventor of the claimed LM609 CDR-grafted 
antibody and encoding nucleic acids having the structural 
characteristics of the specifically recited SEQ ID NOS and, 
therefore, that inventorship of the above-identified application 
is correct. Accordingly, Applicant respectfully requests that 
the rejection of the claims under 35 U.S.C. § 102(f) be 
withdrawn . 

Claims 1 and 15-18 stand rejected under 35 U.S.C. 
§ 102(b) as allegedly anticipated by Brooks et al., Cell 79:1157- 
1164 (1994) (Brooks et al . , 1994). The Office Action alleges that 
the specification and Applicant's previously filed arguments 
indicate that "substantially the same" encompasses LM609 or LM609 
grafted antibody and that the breadth of the claims reciting 
"substantially the same" variable region sequences reads on the 
LM609 antibody described by Brooks et al., 1994. 

Applicant maintains that the claimed compositions 
directed to a LM609 CDR-grafted antibody are novel over Brooks et 
al . , 1994. In particular, claims 1, 15 and 17, as amended, are 
directed to LM609 CDR-grafted antibody and polypeptides 
comprising a variable region amino acid sequence having greater 
than 88% identity with SEQ ID NO: 2 and a variable region amino 
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acid sequence having greater than 79% identity with SEQ ID NO: 4. 
In contrast to the mouse antibody described in Brooks et al . , 
1994 , ' Applicant' s claimed antibodies have human acceptor 
framework sequences with LM609 CDRs and, therefore, are non-mouse 
antibodies (page 8, line 15, to page 9, line 16). Brooks et al . , 
1994, does not teach the claimed human acceptor framework 
sequences with LM609 CDRs corresponding to SEQ ID NOS : 2 and 4 for 
LM609 CDR-grafted antibody. Therefore, Brooks et al . , 1994, does 
not teach the claimed non-mouse antibodies and does not teach any 
of the structural characteristics of the antibodies recited in 
the claims. Accordingly, Applicant respectfully requests that 
this rejection under 35 U.S.C. § 102(b) be withdrawn. 

Claims 1 and 15-18 also stand rejected under 35 U.S.C. 
§ 102(b) as allegedly anticipated by Choi et al., J. Vascular 
Surg. 19:125-134 (1994). The Office Action alleges that the 
breadth of the claims reciting "substantially the same" variable 
region sequences reads on the LM609 antibody described by Choi et 
al. 

Applicant maintains that the claimed compositions 
directed to a LM609 CDR-grafted antibody are novel over Choi et 
al. In particular, claims 1, 15 and 17, as amended, are directed 
to LM609 CDR-grafted antibody and polypeptides comprising a 
variable region amino acid sequence having, greater than 88% 
identity with SEQ ID NO : 2 and a variable region amino acid 
sequence having greater than 79% identity with SEQ ID NO: 4. In 
contrast to the mouse antibody described in Choi et al., 
Applicant's claimed antibodies have human acceptor framework 
sequences with LM609 CDRs and, therefore, are non-mouse 
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antibodies (page 8, line 15, to page 9, line 16). Choi et al. 
does not teach the claimed human acceptor framework sequences 
with LM609 CDRs corresponding to SEQ ID NOS : 2 and 4 for LM609 
CDR-grafted antibody. Therefore, Choi et al. does not teach the 
claimed non-mouse antibodies and does not teach any of the 
structural characteristics of the antibodies recited in the 
claims. Accordingly, Applicant respectfully requests that this 
rejection under 35 U.S.C. § 102(b) be withdrawn. 

Claims 1 and 15-18 stand rejected under 35 U.S.C. 
102(a) (e) as allegedly anticipated by Kim et al., U.S. Patent No. 
5,578,704, issued November 26, 1996. The Office Action alleges 
that the breadth of the claims reciting "substantially the same" 
variable region sequences reads on the LM609 antibody described 
by Kim et al. 

Applicant maintains that the claimed compositions 
directed to a LM609 CDR-grafted antibody are novel over Kim et 
al. In particular, claims 1, 15 and 17, as amended, are directed 
to LM609 CDR-grafted antibody and polypeptides comprising a 
variable region amino acid sequence having greater than 88% 
identity with SEQ ID NO : 2 and a variable region amino acid 
sequence having greater than 79% identity with SEQ ID NO: 4. In 
contrast to the mouse antibody described in Kim et al., 
Applicant's claimed antibodies have human acceptor framework 
sequences with LM609 CDRs and, therefore, are non-mouse 
antibodies (page 8, line 15, to page 9, line 16). Kim et al. 
does not teach the claimed human acceptor framework sequences 
with LM609 CDRs corresponding to SEQ ID NOS : 2 and 4 for LM609 
CDR-grafted antibody. Therefore, Kim et al. does not teach the 



Inventors: William D. Huse 

Serial No. : 08/790, 540 
Filed: January 30, 1997 

Page 22 

claimed non-mouse antibodies and does not teach any of the 
structural characteristics of the antibodies recited in the 
claims. Accordingly, Applicant respectfully requests that this 
ground for rejection be withdrawn. 

REJECTIONS UNDER 35 U.S.C. § 103 

Claims 1-18 stand rejected under 35 U.S.C. § 103 as 
allegedly unpatentable over Brooks et al . , U.S. Patent 5,753,230 
(Brooks et al . , 1998), Brooks et al . , Cell 79:1157-1164 
(1994) (Brooks et al . , 1994), Choi et al . , J. Vascular Surg. 
19:125-134 (1994), or Kim et al . , U.S. Patent No. 5,578,704, in 
view of the known art related to gene cloning and expression 
strategies for deriving recombinant antibodies and fragments 
thereof. The Office Action states that the newly added reference 
Brooks et al., 1998, describes the LM609 antibody and humanized 
forms thereof and claims methods of using LM609 antibody and 
humanized forms thereof. 

Applicant respectfully maintains that the claimed 
compositions directed to LM609 CDR-grafted antibody and encoding 
nucleic acids are novel and unobvious over the cited references. 
The claims recite structural characteristics of the claimed 
antibodies and encoding nucleic acids, which are not taught or 
suggested in any of the cited references. 



Specifically, the claims directed to a LM609 
CDR-grafted antibody recite a heavy chain polypeptide referenced 
as SEQ ID NO: 2 and a light chain polypeptide referenced as SEQ ID 
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NO: 4. Additional claims are directed to nucleic acids encoding 
heavy or light chain polypeptides comprising a variable region 
nucleotide sequence, or a modification thereof that does not 
change the encoded amino acid sequence, shown in Figure 1A (SEQ 
ID NO:l); or a light chain variable region nucleotide sequence, 
or a modification thereof that does not change the encoded amino 
acid sequence, shown in Figure IB (SEQ ID NO:3). Furthermore, 
new claims 26-31 are directed to a LM609 CDR-grafted antibody and 
polypeptides comprising a LM609 CDR-grafted heavy chain 
polypeptide encoded by a LM609 CDR-grafted heavy chain variable 
region nucleotide sequence referenced as SEQ ID N0:1, or a 
modification thereof, and a LM609 CDR-grafted light chain 
polypeptide encoded by a LM609 CDR-grafted light chain variable 
region nucleotide sequence referenced as SEQ ID NO: 3, or a 
modification thereof, having integrin a v |33 binding activity, 
integrin a v (3 3 binding specificity or integrin a v (3 3 -inhibitory 
activity . 

In regard to claims directed to LM609 CDR-grafted 
antibody, Applicant respectfully submits that, in contrast to the 
claimed antibodies, neither Brooks et al., 1998, Brooks et al., 
1994, Choi et al., or Kim et al . , alone or in combination, teach 
or suggest any of the structural features specifically recited in 
the claims. None of the cited references teach or suggest any 
structural characteristics of an antibody comprising a variable 
region amino acid sequence referenced as SEQ ID NOS : 2 and 4. 

In particular, Brooks et al., 1998, does not teach or 
suggest' the claimed human acceptor framework sequences with LM609 
CDRs corresponding to SEQ ID NOS : 2 and 4 for LM609 CDR-grafted 
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antibody. Applicants contend, as discussed above, that Brooks et 
al. does not teach humanized LM609 antibody but at most states a 
problem to be solved. Therefore, Applicant respectfully submits 
that Brooks et al., 1998, does not teach or suggest the claimed 
antibodies having the human acceptor framework sequences with 
LM609 CDRs and the structural characteristics of the specifically 
recited SEQ ID NOS . 

In regard to the claimed nucleic acid molecules 
encoding a heavy or light chain variable region nucleotide 
sequence referenced as SEQ ID NOS : 1 or 3, Applicant respectfully 
submits that, in contrast to the claimed nucleic acids, Brooks et 
al., 1998, does not teach or suggest any of the structural 
features specifically recited in the claims as SEQ ID NOS. As 
discussed in the previous responses mailed February 4, 1998, and 
December 9, 1998, "the existence of a general method of isolating 
cDNA or DNA molecules is essentially irrelevant to the question 
whether the specific molecules themselves would have been 
obvious, in the absence of other prior art that suggest the 
claimed DNAs . " In re Deuel, 34 USPQ 2d 1215 (Fed. Cir. 1995). 
Since Brooks et al., 1998, does not teach or suggest the nucleic 
acids having the structural characteristics of the specifically 
recited SEQ ID NOS, Applicant respectfully submits that Brooks et 
al . , 1998, does not render obvious the claimed nucleic acids. 

In regard to Brooks et al . , 1994, Choi et al . and Kim 
et al., Applicant respectfully submits that these cited 
references describe the mouse antibody, not Applicant's claimed 
non-mouse antibodies having human acceptor framework sequences 
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with LM609 CDRs. Similarly, Brooks et al . , 1994, Choi et al., 
and Kim et al . do not teach or suggest the claimed nucleic acids 
encoding the non-mouse antibodies having human acceptor framework 
sequences with LM609 CDRs. Therefore, Applicant respectfully 
submits that Brooks et al., 1994, Choi et al . and Kim et al., 
alone or in combination with Brooks et al . , 1998, do not render 
obvious the claims directed to antibodies or nucleic acids that 
recite specific SEQ ID NOS . 

In regard to newly added claims 26-31, which are 
directed to a LM609 CDR-grafted antibody and polypeptides 
comprising a LM609 CDR-grafted heavy chain polypeptide encoded by 
a LM609 CDR-grafted heavy chain variable region nucleotide 
sequence referenced as SEQ ID NO:l, or a modification thereof, 
and a LM609 CDR-grafted light chain polypeptide encoded by a 
LM609 CDR-grafted light chain variable region nucleotide sequence 
referenced as SEQ ID NO: 3, or a modification thereof, having 
integrin a v |3 3 binding activity, integrin a v P3 binding specificity 
or integrin a v p 3 -inhibitory activity. Applicant respectfully 
submits that Brooks et al., 1998, Brooks et al . , 1994, Choi et 
al . and Kim et al., alone or in combination, do not teach or 
suggest a LM609 CDR-grafted antibody or polypeptide encoded by 
nucleotide sequences specifically recited as SEQ ID NOS : 1 and 3. 
Accordingly, Applicant respectfully submits that these cited 
references, alone or in combination, do not render obvious new 
claims 26-31. 

In summary, Applicant respectfully submits that the 
claimed antibodies and nucleic acids having the structural 
features specifically recited in the claims as SEQ ID NOS are 
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novel and unobvious over any of Brooks et al., 1998, Brooks et 
al., 1994, Choi et al . , or Kim et al . , alone or in combination. 
Therefore, the rejection of these claims under 35 U.S.C. § 103 as 
allegedly obvious is respectfully requested to be withdrawn. 



CONCLUSION 



In light of the amendments and remarks herein, 
Applicant submits that the claims are now in condition for 
allowance and respectfully request a notice to this effect. 
The Examiner is invited to call Cathryn Campbell or the 
undersigned agent if there are any questions. 



Respectfully submitted, 



September 20, 1999 
Date 

Telephone No.: (858) 535-9001 
Facsimile No.: (858) 535-8949 

CAMPBELL & FLORES LLP 

4370 La Jolla Village Drive 

Suite 700 

San Diego, California 92122 




David A. Gay 
Registration 
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William D. Huse 
Scott M. Glaser 



Additional names(s) of conveying party(ies) attached? □ Ye ^^kjj£ & ^ 
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3. Nature of conveyance: 
H Assignment 

□ Security Agreement 

□ Otter 



□ Merger 

□ Change of Name 



Execution Date: 03/31/97; 03/17/97 



2. Name and address of receiving party(ies): 



^Vlame: IXSYS, INCORPORATED 



^Internal Address: 



Street Address: 3550 Dunhill Road 



City: San Diego 



State: CA ZIP: 92121 



Additional name(s) & address(es) attached? □ Yes 13 No 



4. Application number(s) or registration numbers(s): 

If this document is being filed together with a new application, the execution date of the application is: 

B. Patent No.(s) 



A. Patent Application No.(s) 
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05-08-1997 

iiiii jiin Mil: m:ii «!■■; }!•!« jj§!! jjjtg ijjlj !!!! |!Jj 



ifiiiiiiiiiiiiiiiii 



Additional numbers attached? □ Yes H No 



5. Name and address of party to whom correspondence 
concerning document should be mailed: 

Name: Cathryn Campbell 

Internal Address: CAMPBELL & FLORES LLP 



Street Address: 4370 La Jolla Village Drive, Suite 700 



City: San Diego 



State: CA^ ZIP: 92122 



6. Total number of applications and patents involved: j^^Jj 



7. Total fee (37 CFR 3.41): $ 40.00 

SO Enclosed 

□ Authorized to be charged to deposit account 



8. Deposit account number 
03-0370 



(Attach duplicate copy of this page if paying by deposit account) 
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To the best of my knowledge and belief, the fomgomojn^rmation is true and correct and any att^ef[os^i^&tii3^8d^ 1 
of the original document. \ f 1581 
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David A. Gay, Registration No. 39,200 
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Total number of pages including cover sheet, attachments/and document; 



7 
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Date 
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ASSIGNMENT 

This Assignment is made by William D. Huse of Del Mar, 
California, and Scott M. Glaser of Seattle, Washington, 
Assignors, to IXSYS, INCORPORATED, Assignee, having a place of 
business at 3550 Dunhill Road, San Diego, California 92121. 

WHEREAS, Assignors have invented a new and useful 
invention entitled ANTI-a v (5 3 RECOMBINANT HUMAN ANTIBODIES, 
NUCLEIC ACIDS ENCODING SAME AND METHODS OF USE for which an 
application for United States Letters Patent was filed on January 
30, 1997, in the United States Patent and Trademark Office, 
bearing Serial No. 08/791, 391 and identified as Attorney Docket 
No. P-IX 1482; 

WHEREAS, Assignors believe themselves to be the original 
inventors of the invention disclosed and claimed in said 
application for Letters Patent; and 

WHEREAS, the parties desire to have a recordable 
instrument assigning the entire right, title and interest in and 
to said invention, said application and any Letters Patent that 
may be granted for said invention in the United States and 
throughout the world; 

NOW, THEREFORE, in accordance with the obligations to 
assign the invention and other good and valuable consideration, 
the receipt and sufficiency of which are hereby acknowledged, 
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Serial No.: 08/791,391 
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Assignors sell, assign, and transfer to Assignee, the entire 
right, title, and interest in and to said invention, said 
application and any Letters Patent that may be granted for said 
invention in the United States and throughout the world, 
including the right to file foreign applications directly in the 
name of the Assignee and to claim for any such foreign 
applications any priority rights to which such applications are 
entitled under international conventions, treaties, or otherwise. 

Assignors agree that, upon request and without further 
compensation, but at no expense to Assignors, they and their 
legal representatives and assigns will do all lawful acts, 
including the execution of papers and the giving of testimony, . 
that may be necessary or desirable for obtaining, sustaining, 
reissuing, or enforcing Letters Patent in the United States and 
throughout the world for said invention, and for perfecting, 
recording, or maintaining the title of Assignee, its successors 
and assigns, to said invention, said application, and any Letters 
Patent granted for said invention in the United States and 
throughout the world. 

Assignors represent and warrant that they have not granted 
and will not grant to others any rights inconsistent with the 
rights granted herein. 
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Assignors authorize and request the Commissioner of 
Patents and Trademarks of the United States and of all foreign 
countries to issue any Letters Patent granted for said invention, 
whether on said application or oh any subsequently filed 
division, continuation, continuation-in-part or reissue 
application, to Assignee, its successors and assigns, as the 
assignee of the entire interest in said invention. 



IN WITNESS WHEREOF, Assignors have executed this 
Assignment on the date(s) provided below. 

Assignor: William D. Huse 

(A c~ 

Signature 

STATE OF 

county of Sc^w^Ieus ) 

On ^WCW ^\ \°ycn . before me, ""&0<Yf\Cw 6 . ^ <" \ CJfs 

a Notary Public, personally appeared William D. Huse , 

^ personally known to me - OR - proved to me on the basis 

of satisfactory evidence to be the person(s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she/they executed the same in his/her/their authorized 
capacity (ies) , and that by his/her/their signature(s) on the 
instrument the person (s) , or the entity upon behalf of which the 
person (s) acted, executed the instrument. 



WITNESS by hand and official seal, 



(Signature of Notary) 



DONNA G PRICK \ 

, COMM. #1126339 o 
NOTARY PUBUOCAUFORNIA g 
i x^d*^/ SAN DIEGO COUNTY - 
NJSgSP' MyCwnm.Exp.Feb.6.200i \ 
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Assignor: Scott M. Glaser 




Signature 



STATE OF 

COUNTY OF ~^sAj^/ ) 

On iX.uA<U^ r 1 1^9^ . before me, \;#A^ XH^j^-i , 

a Notary Public, personally appeared * Scott M. Glaser , 

^ personally known to me - OR - proved to me on the basis 

of satisfactory evidence to be the person (s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she/they executed the same in his/her/their authorized 
capacity (ies) , and that by his/her/their signature (s) on the 
instrument the person (s) , or the entity upon behalf of which the 
person(s) acted, executed the instrument. 

WITNESS by hand and official seal. 



r 7 
•'/(Signature of Notary) 
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U.S. DEPARTMENT OF COMMERCE 
Patent and Trademark Office 



* To the Honorable cMfnmissf 




1. Name of conveying 
William D, Huse 



Additional names(s) of conveying party(ies) attached? □ 



100463114 1 the attached original documents or copy thereof. 

2. Name and address of receiving party(ies): 



Name: KSYS, INCORPORATED 




3. Nature of conveyance: 
® Assignment 

□ Security Agreement 

□ Other 



□ Merger 

□ Change of Name 



Execution Date: March 31, 1997 



Internal Address: 



Street Address: 3550 Dunhill Road 



City: San Diego 



State: CA ZIP: 92121 



Additional name(s) & address(es) attached? □ Yes SI No 



4. Application number(s) or registration numbers(s): 

If this document is being filed together with a new application, the execution date of the application is: 



A. Patent Application No.(s) 
08/790,540 



B. Patent No.(s) 



Additional numbers attached? □ Yes H No 



5. Name and address of party to whom correspondence 
concerning document should be mailed: 

Name: Cathryn Campbell 

Internal Address: CAMPBELL & FLORES LLP 



Street Address: 4370 La Jolla Village Drive, Suite 700 



City: San Diego 



State: CA ZIP: 92122 



6. Total number of applications and patents involved: 



7. Total fee (37 CFR 3.41): $ 40.00 

S3 Enclosed 

□ Authorized to be charged to deposit account 



8. Deposit account number: 



03-0370 



(Attach duplicate copy of this page ifgaying by deposit account) 



DO NOT USE THIS SPACE 
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9. Statement and signature. <=> 
To the best of my knowledge and belief, the foregoing information is true and correct and any attxhed copy is a true copy 
of the original document \/^\^ _ / /J § 

David A. Gay, Registration No. 39,200 1 J>^Y (J. ^7 28, 1997 _ 

Name of Person Signing Signature / 



- C — ~ 

Signature 

Total number of pages Including cover sheet, attachments, ao6 document: L^npJ 




Date 



SOLE 



ASSIGNMENT 

This Assignment is made by William D. Huse of Del Mar, 
California, Assignor, to IXSYS, INCORPORATED, Assignee, having a 
place of business at 3550 Dunhill Road, San Diego, California 
92121. 

WHEREAS, Assignor has invented a new and useful 
invention entitled ANTI-a v P 3 RECOMBINANT HUMAN ANTIBODIES, 
NUCLEIC ACIDS ENCODING SAME AND METHODS OF USE for which an 
application for United States Letters Patent was filed on January 
30, 1997 in the United States Patent and Trademark Office, 
bearing Serial No . 08/790 , 540 and identified as Attorney Docket 
No. P-IX 2405. 

WHEREAS, Assignor believes himself to be the original 
inventor of the invention disclosed and claimed in said 
application for Letters Patent; and 

WHEREAS, the parties desire to have a recordable 
instrument assigning the entire right, title and interest in and 
to said invention, said application and any Letters Patent that 
may be granted for said invention in the United States and 
throughout the world; 

NOW, THEREFORE, in accordance with the obligations to 
assign the invention and other good and valuable consideration, 
the receipt and sufficiency of which are hereby acknowledged, 
Assignor sells, assigns, and transfers to Assignee, the entire 
right, title, and interest in and to said invention, said 
application and any Letters Patent that may be granted for said 
invention in the United States and throughout the world, 
including the right to file foreign applications directly in the 
name of the Assignee and to claim for any such foreign 
applications any priority rights to which such applications are 
entitled under international conventions , treaties , or otherwise. 
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Assignor agrees that, upon request and without further 
compensation, but at no expense to Assignor, he and his legal 
representatives and assigns will do all lawful acts, including 
the execution of papers and the giving of testimony, that may be 
necessary or desirable for obtaining, sustaining, reissuing, or 
enforcing Letters Patent in the United States and throughout the 
world for said invention, and for perfecting, recording, or 
maintaining the title of Assignee, its successors and assigns, to 
said invention, said application, and any Letters Patent granted 
for said invention in the United States and throughout the world. 

Assignor represents and warrants that he has not 
granted and will not grant to others any rights inconsistent with 
the rights granted herein. 

Assignor authorizes and requests the Commissioner of 
Patents and Trademarks of the United States and of all foreign 
countries to issue any Letters Patent granted for said invention, 
whether on said application or on any subsequently filed 
divisional, continuation, continuation-in-part or reissue 
application, to Assignee, its successors and assigns, as the 
assignee of the entire interest in said invention. 



William D. Huse 
Serial No.: 08/790,540 
Filed: January 30, 1997 
Page 3 



IN WITNESS WHEREOF, Assignor has executed this 
Assignment on the date(s) provided below. 



Assignor: William D. Huse 



Uh c — 

Signature 

STATE OF CaVy£^x\\C^ ) 

COUNTY OF Sa>tv V^v UQ ) 

On TCccON h\> \\<\T\ before me, ^Qtnxvci G. r<"\CX 

a notary public, personally appeared William D. Huse , 

^yC personally known to me - OR - proved to me on the basis 

of satisfactory evidence to be the person (s) whose name(s) is/are 
subscribed to the within instrument and acknowledged to me that 
he/she/they executed the same in his/her/their authorized 
capacity (ies) , and that by his/her/their signature (s) on the 
instrument the person (s), or the entity upon behalf of which the 
person (s) acted, executed the instrument. 

WITNESS by hand and official seal. 



(Signature of Notary) 
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PATENT 

Our Docket: P-IX 24 05 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 
William D. Huse 

Serial No.: 08/790,540 

Filed: 01/30/97 

For: ANTI-a v 3 3 RECOMBINANT 
HUMAN ANTIBODIES, 
NUCLEIC ACIDS ENCODING 
SAME AND METHODS OF USE 



Asst. Commissioner for Patents 
Washington, D.C. 20231 

DECLARATION PURSUANT TO 3 7 C.F.R. § 1.132 

Sir: 

I, William D. Huse, declare as follows: 

1) I am the William D. Huse who is named as an 
inventor on the above-identified patent application. 

2) I have reviewed the Office Action mailed 
March 18, 1999, and understand that the claims of the subject 
application stand rejected, in part, because the claimed LM609 
CDR-grafted antibody, which i& an antibody comprising a variable 
region amino acid sequence referenced as SEQ ID NOS:2 and 4, is 
alleged to have been on sale or in public use more than one year 
prior to the filing of the above-identified application. 
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3) The LM609 hybridoma was brought to Ixsys, Inc., and 
the LM609 heavy and light chain variable region cDNA was cloned. 
LM609 grafted antibodies, including Vitaxin, were generated and 
developed having a v (3 3 inhibitory activity. 



4) Agreements made with third parties were 
confidential, and Ixsys maintained control of all antibody 
materials, including any Vitaxin or LM609 grafted antibody, any 
nucleic acid encoding Vitaxin or LM609 grafted antibody, any cell 
lines containing nucleic acid encoding Vitaxin or LM609 grafted 
antibody, and any related materials or information. As evidence 
that Ixsys maintained control and confidentiality of these 
materials in agreements with third parties, attached herewith as 
Exhibit A are portions of an agreement with Celltech Therapeutics 
Limited and its affiliate, Celltech Biologies PLC. In the 
agreement on page 33, section 1.1.12, the "product" referred to 
in the agreement means the CDR grafted antibody. As indicated on 
page 34, section 2.3 of the agreement, Celltech was obligated to 
maintain safe keeping of the materials and products, including 
any Vitaxin or LM609 grafted antibody, nucleic acids encoding any 
Vitaxin or LM609 grafted antibody, cell lines containing nucleic 
acids encoding any Vitaxin or LM609 grafted antibody, and 
information related to any Vitaxin or LM609 grafted antibody and 
encoding nucleic acids, and to assure that any parties involved 
in testing of the product are subject to the same obligations of 
confidence as Celltech. 
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5) Ixsys maintained control and confidentiality of 



Vitaxin and LM609 grafted antibody, nucleic acids encoding 
Vitaxin and LM609 grafted antibody, cell lines containing nucleic 
acids encoding Vitaxin and LM6 0 9 grafted antibody, related 
materials and their use during any involvement with third 
parties. Neither Vitaxin nor LM609 grafted antibody were on sale 
or in public use more than one year prior to January 30, 1997. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that any such willful false statement may 
jeopardize the validity of the application or any patent issued 
thereon. 





Date 



William D. Huse 



-34 

l.l. 



19 "Valid and Enforceable Claim" means a claim in an issued, unexpired patent 
which has not been held invalid or unenforceable in an unappealed decision of 
a court or other competent body having jurisdiction thereof. 

Unless the context requires otherwise, words and phrases defined in any other part of 
the Agreement shall bear the same meanings as in these Standard Terms references to 
the singular number include the plural and vice versa, references to Schedules are 
references to schedules to the Agreement, and references to Clauses are references to 
clauses of these Standard Terms. 



Supply of the Customer Materials 

2. 1 Prior to or immediately following the date of the Agreement the Customer shall supply 
to Celltech the information referred to in Clause 1 (0 of Schedule 2 hereto followed at 
the appropriate time by supply of the Customer Materials and Customer Information 
together with full details of any hazards relating to the Customer Materials, their 
storage and use. Property in the Customer Materials supplied to Celltech shall remain 
vested in the Customer. 

2.2 The Customer hereby grants Celltech the non-exclusive right to use the Customer 
Materials and the Customer Information for the purpose of the Agreement. Celltech 
hereby undertakes not to use the Customer Materials or the Cell Line containing the 
Customer Materials or the Customer Information (or any part thereof) for any other 
purpose. 



2.3 Celltech shall : 



2.3. 1 be responsible for the safe keeping of the Customer Materials in its possession 
and shall at all times keep the Customer Materials secure and safe from loss 
and damage in such manner as Celltech shall in its sole discretion determine; 

2.3 .2 not part with possession of the Customer Materials or the Product, save for the 
purpose of tests at the Testing Laboratories. 

2.3.3 procure that all Testing Laboratories are subject to obligations of confidence 
substantially in the form of those obligations of confidence imposed on 
Celltech under these Standard Terms and where relevant procure that such 
Testing Laboratories are subject to obligations to comply with GLP. 

Celltech shall not be liable for any loss, damage, costs or expenses of any nature, 
whether direct or consequential, occasioned by the carrying out (in whole or in part) of 
tests or the failure to carry out tests by Testing Laboratories, provided that such 
liability is not a direct result of the negligence or wilful misconduct of Celltech or 
Celltech's employees and that Celltech shall inform Customer of the occurrence of such 
loss, damage, costs or expenses as soon as is reasonably possible . 

the Customer warrants to Celltech that to the best of its knowledge and belief: 

2.5.1 the Customer is and shall at all times throughout the duration of the 
Agreement remain entitled to supply the Customer Materials and Customer 
Information to Celltech: and 



-3, # 

2.5.2 use by Cell tech of the Customer Materials and the Customer Information for 
the purposes of the Services will not infringe any rights (including, without 
limitation, any intellectual or industrial property rights) vested in any third 
party save that subject to the above warranty Customer gives no warranty as 
to Celltech's entitlement to use gene expression and production technology 
associated with the Process. 



2.6 The Customer undertakes to indemnify and to maintain Celltech promptly indemnified 
against any loss, damage, costs and expenses of any nature (including court costs and 
legal fees on a full indemnity basis), whether direct or consequential, and whether or 
not foreseeable or in the contemplation of Celltech or the Customer, that Celltech may 
suffer arising out of or incidental to any breach of the warranties given by the 
Customer under Clause 2.5 above. 

2.7 The obligations of the Customer under this Clause 2 shall survive the termination for 
whatever reason of the Agreement in respect of matters arising during the term of or 
pursuant to this Agreement. 

Provision of the Services 



3.1 Celltech shall and where relevant shall procure that Celltech Biologies pic shall 
diligently carry out the Services as provided in Schedule 2 and shall keep Customer 
informed of the progress of the Services and shall use reasonable endeavours to achieve 
the estimated times cales set out therein. 

3.2 Notwithstanding the provisions of Clause 3.1 the timescales set down for the 
performance of the Services (including without limitation the dates for production and 
delivery of Product) and the quantities of Product for delivery set out in Schedule 2 are 
estimated only. Time of performance of the Services, time of production and time of 
delivery shall not be of the essence of the Agreement. 

3.3 The Customer shall not be entitled to cancel any unfulfilled part of the Services or to 
refuse to accept the Services on grounds of late performance, late delivery or failure to 
produce the estimated quantities of Product for delivery. Celltech shall not be liable for 
any loss, damage, costs or expenses of any nature, whether direct or consequential, 
occasioned by : 



3.3. 1 any delay in performance or delivery howsoever caused; 

3 .3 .2 any failure to produce the estimated quantities of Product for delivery. 

3.4 Celltech shall comply with all statutory, regulatory and similar legislative requirements 
from time to time applicable to the Services under the laws of England. If the 
Customer requests Celltech to comply with any foreign statutory, regulatory or similar 
legislative requirements Celltech shall use reasonable commercial endeavours to do so 
provided that : 

3.4.1 the Customer shall be responsible for informing Celltech in writing of the 
precise foreign requirements which the Customer is requesting Celltech to 
observe; and / . 
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ABSTRACT The development of a new strategy for antibody 
humanization is described. This strategy incorporates key rec- 
ognition sequences from the parental rodent antibody into a 
phage display-based selection strategy. The original sequences of 
the third complementarity-determining regions (CDRs) of heavy 
and light chains, HCDR3 and LCDR3, were maintained and all 
other sequences were replaced by human sequences selected from 
phage-displayed antibody libraries. This approach was applied to 
the humanization of mouse mAb LM609 that is directed to 
human integrin and has potential applicability in cancer 
therapy as an antiangiogenic agent We demonstrate this ap- 
proach (0 provides a rapid route for antibody humanization 
constraining the content of original mouse sequences in the final 
antibodies to the most hypervariable of the CDRs; (ii) generates 
several humanized versions with different sequences at the same 
time; (hi) results in affinities as high as or higher than the 
affinity of the original antibody; and (iv) retains the antigen and 
epitope specificity of the original antibody. The production of 
multiple humanized variants may present advantages in the 
selection of antibodies that are more readily expressed on a large 
scale and could be important in therapeutic regimens that call 
for long-term treatment with antibodies in which antiidiotypic 
responses might be avoided by administration of alternative 
antibodies. 



Since the development of the hybridoma approach (1), a large 
number of rodent mAbs with specificity for antigens of ther- 
apeutic interest have been generated and characterized. The 
fact that rodent antibodies are highly immunogenic in humans, 
however, severely limits their clinical applications, especially 
when repeated administration is required for therapy. As a 
means of circumventing this limitation, several strategies have 
been developed to convert rodent antibody sequences into 
human antibody sequences, a process termed antibody human- 
ization. Ideally, antibody humanization must not diminish 
specificity and affinity toward the antigen whereas immuno- 
genicity must be completely eliminated. It has become appar- 
ent that the accomplishment of both aims is usually a time- 
consuming and costly undertaking with even the most current 
humanization strategies. Here, we report the development of 
a new humanization strategy that combines rational design 
with combinatorial selections using phage display. We dem- 
onstrate that this approach provides a rapid route to antibody 
humanization and demonstrate its application to the human- 
ization of mouse mAb LM609 which is directed against the 
human integrin avfo. We chose LM609 as a model antibody 
for our humanization strategy because of its clinical potential. 
Recent findings by Brooks et at. (2-4) in a chorioallantoic 
membrane model and a severe combined immunodeficient 
mouse/human skin chimeric model have shown that LM609, 
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when administered i.v., is able to reduce growth and metastasis 
of human tumors due to the inhibition of angiogenesis induced 
by the tumors. These findings suggest that integrin avA may 
be a target and LM609 a tool for cancer therapy. 

MATERIALS AND METHODS 
Proteins and Cell Lines. Human integrin a^fr was purified 
from human placenta as described (5). Human integrin <nib/% was 
purchased from Enzyme Research Laboratories (South Bend, 
IN). mAb LM609 was described previously (6) and mAb AP3 was 
kindly provided by P. Newman (Milwaukee Blood Center, Mil- 
waukee, WI). LM609 Fab was generated from IgG by digestion 
with immobilized papain using the ImmunoPure Fab Preparation 
kit from Pierce and separated from Fc and undigested IgG by 
three consecutive runs on a protein A column. CS-1 hamster cells 
were transfected with either human & or /% cDNA as described 
(7) and maintained in RPMI 1640 supplemented with 10% fetal 
calf serum and 500 /zg/ml G-418 (Life Technologies, Gaithers- 
burg, MD) at 37°C and in 7% C0 2 . 

cDNA Cloning of LM609. Total RNA was prepared from 10 8 
LM609 hybridoma cells (6) using the RNA Isolation kit from 
Stratagene. Reverse transcription and PCR amplification of the 
Fd fragment- and light chain-coding sequences were performed 
essentially as described (8). Fd fragment- and light chain-coding 
PCR products were cut with XhdUSpel and SacljXbal, respec- 
tively, and ligated sequentially into the appropriately digested 
phagemid vector pComb3H (9). The ligation products were 
introduced into Escherichia coli strain XLl-Blue by electrotrans- 
formation and subsequent steps were as described (10) to pro- 
duce phage displaying Fab on their surface. Phage were selected 
by panning (10) against immobilized human integrin av/%. After 
two panning rounds, single clones were analyzed for LM609 Fab 
expression. Supernatants from cultures that had been induced by 
the addition of isopropyl ^-r>thiogalactojpyransoside (10) were 
tested for binding to avfh by EUSA using goat anti-mouse 
F(ab')2 conjugated to alkaline phosphatase (Pierce) as secondary 
antibody. The sequence of Fd fragment- and light chain-coding 
sequences of positive clones was determined by DNA sequencing. 

Amplification of Human light Chain and Fd Fragment Se- 
quences. Total RNA was prepared from bone marrow of five 
healthy donors supplied by Poietic Technologies (Germantown, 
MD) shortly after aspiration using TRI REAGENT (Molecular 
Research Center, Cincinnati, OH) and was further purified by 
lithium chloride precipitation (11). First-strand cDNA was syn- 
thesized using the SUPERSCRIPT Preamplification System for 
First Strand cDNA Synthesis kit with oligo(dT) priming (Life 
Technologies). The generated five first-strand cDNAs were sub- 
jected to separate PCR amplifications. V*, V A , and V H sequences 
of each of the first-strand cDNAs were amplified using the 
primers listed below. All amplifications were performed under 
standard PCR conditions using Tag polymerase (Pharmacia). 



Abbreviations: CDR, complementarity-determining region; FR, 
framework region. 

*To whom reprint requests should be addressed at: The Scripps 
Research Institute, BCC-515, 10550 North Torrey Pines Road, La 
Jolla, CA 92037. e-mail: carlos@scripps.edu. 
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While the sense primers hybridize to sequences that encode the 
N-terminal amino acids of the various Va, and Vh families, 
the antisense primers hybridize to sequences that encode the 
C-terminal amino acids of framework region 3 (FR3) of V OT V A , 
or V H , respectively, which are highly conserved (12). The primers 
used for the amplification of human antibody sequences are V* 
sense primers: HSCK1-F, 5'-GGGCXXAGGCGGCCGAGCT- 
CCAGATGACCCAGTCTCC-3'; HSCK24-F, 5'-GGGCCCA- 
GGCX3GCCGAGCTCGTGATGACYCAGTCTCC-3'; HSCK- 
3-F, 5'-GGGCCCAGGCGGCCGAGCTCGTGWTGACRCA- 
GTCTCC-3'; and HSCK5-F, 5 '-GGGCCCAGGCGGC- 
CG AGCTCACACTX>CGCAGTCTCC-3'^ V* antisense prim- 
ers: BKFR3UN, 5'-CAGTAATACACTGCAA A ATCTTC-3 ' ; 
BK2FR3UN and 5'-CAGTAATAAACCCCAACATCCTC-3'; 
V A sense primers: HSCLamla, 5 '-GGGCCCAGGCGGCCGA- 
GCTCGTGBTG ACGCAGCCGCCCTC-3 ' ; HSCLamlb, 5'-G- 
GGCCCAGGQ3GCCGAGCTCGTGCTGACTCAGCCACC- 
CTC-3'; HSCLam2, 5 ' -GGGCCCAGGCGGCCG AGCTCGC- 
CCTGACTCAGCCTCCCTCCGT-3'; HSCLam3, 5'-GGG- 
CCCAGGCGGCCGAGCTCGAGCTGACrCAGCCACCCT- 
CAGTGTC-3'; HSCLam4, 5 '-GGGCCCAGGCGGCCGAGC- 
TCGTGCTG ACTCA ATCGCCCTC-3 ' ; HSCLam6, 5'-G- 
GGCCCAGGCGGCCGAGCTCATGCTGACTCAGCCC- 
CACTC-3'; HSCLam70, 5 '-GGGCCCAGGCGGCCGAGCT- 
CGGGCAG ACrCAGCAGCTCrC-3 ' ; HSCLam78, 5'-GGG- 
CCCAGGCGGCCGAGCTCGTGGTGACYCAGGAGCCM- 
TC-3'; and HSCLam9, 5' -GGGCCCAGGCGGCCG AGCTCG- 
TGCTG ACTCAGCCACCTTC-3 ' ; V A antisense primer: 
BLFR3UN, 5'-GCAGTAATAATCAGCCTCRTC-3'; V H 
sense primers: HFVH1-F, 5'-GCTGCCCAACCAGCCATGG- 
CCCAGGTGCAGCTGGTGCAGTCTGG-3 ' ; HFVH2-F, 5'- 
GCTGCCCAACCAGCCATGGCCCAGATCACCTTGA- 
AGGAGTCTGG-3 ' ; HFVH35-F, 5'-GCTGCCCAACCAG- 
CCATGGCCGAGGTGCAGCTGGTGSAGTCTGG-3'; and 
HFVH4-F, 5 ' -GCTGCCCA ACCAGCCATGGCCCAGGT- 
GCAGGTGCAGGAGTCGGG-3 ' ; V H antisense primer: 
BFR3UN, 5 '-CGCACAGTA ATACACGGCCGTGTC-3' . 

Construction of a Chimeric Mouse/Human Fd Fragment by 
Fusing V H of LM609 to Human C H 1. The phagemid vector 
pComb3H containing the LM609 Fab sequence was used as a 
template for amplification of the sequence encoding the 
N-terminal FR1 through FR3 fragment of the LM609 V H by 
the PCR primer pair PELSEQ (5'-ACCTATTGCCTACG- 
GCAGCCG-3')/BFR3UN (5 '-CGCACAGTA ATACACG- 
GCCGTGTC-3'). By overlap-extension PCR (13), the 
PELSEQ/BFR3UN product was fused to a PCR fragment 
encoding the HCDR3 of LM609, FR4 of V H , and the entire 
C H 1 domain of the human anti-gpl20 antibody b8 (14). This 
fragment was generated from the PCR primer pair CR501 
(5 ' -G ACACGGCCGTGTATTACTGTGCGCGTCATA AC- 
TACGGCAGTTTTGCTTACTGGGGCCAGGGAACCCT- 
G-3')/CR301 (5 '-GAGGAGGAGGAGGAGACTAGTTTT- 
GTCACAAGATTTGGGCTC-3'). FR4 of b8 was chosen 
because it is identical to FR4 of the LM609 V H , with the 
exception of the C-terminal amino acid, which is A for LM609 
and S for b8. The product of the overlap-extension PCR was 
cut with XhoUSpel, ligated into the appropriately digested 
phagemid vector pComb3H, cloned, and the correct sequence 
was confirmed by DNA sequencing. 

Substitution of the LM609 Light Chain by a Human Light 
Chain That Contains the LCDR3 of LM609. Using overlap- 
extension PCR, the amplified human sequences encoding the 
N-terminal FR1 through FR3 fragment of V* and V A were 
fused to PCR fragments encoding the LCDR3 of LM609 
coupled to FR4 of human V* or V* and the human C„ or d 
domain. Two k fragments were generated by the PCR primer 
pairs CR503 (5 ' -G A AG ATTTTGCAGTGTATTACTGCC- 
AACAGAGTAACAGCTGGCCTCACACGTTTGGCCA- 
GGGGACCA AGCTG-3 ' )/T7B (5'-AATACGACTCACTA- 
TAGGGCG-3') and CR508 (5'-GAGGATGTTGGGGTTT- 



ATTACTGCCAACAGAGTAACAGCTGGCCTCACACG- 
TTTGGCCAGGGGACCA AGCTG-3 ' )/T7B using the 
sequence of the anti-gpl20 antibody bll in pComb3 as a 
template (14). FR4 of bll was chosen because it is identical to 
FR4 of the LM609 with the exception of the third amino 
acid, which is G in LM609 and Q in bll. The 23-bp overlap of 
CR503 with BKFR3UN and CR508 with BK2FR3UN allowed 
the fusion of the corresponding PCR products by overlap- 
extension PCR. A A fragment was generated by the PCR 
primer pair CR510 (5 ' -G A YGAGGCTGATTATTACTGC- 
CAACAGAGTAACAGCTGGCCTCACACGTTCGGCG- 
GAGGGACCA AGCTG-3 ' )/CLext (5 ' - AG AG AG AG AG A- 
GAGAGAGAGCGCCGTCTAGAATTATGAACATTCT- 
GTAGG-3') using CLext-primed, first-strand cDNA from 
human bone marrow as a template. The 21 -bp overlap of 
CR510 with BLFR3UN allowed the fusion of the correspond- 
ing PCR products by overlap-extension PCR. The generated 
light chain-coding sequences were cut with Sacl/Xbal and 
ligated into the appropriately digested phagemid vector 
pComb3H that contained the chimeric mouse/human Fd frag- 
ment. Electrotransformation of the ligation products into E, 
coli strain ER 2537 (New England Biolabs) resulted in a light 
chain library consisting of 1.5 x 10 8 independent transfor- 
mants. DNA sequencing revealed the correct assembly of the 
fused fragments. Four rounds of panning against immobilized 
human integrin ovA were carried out using 200 ng of protein 
in 25 ji\ of metal buffer [25 mM Tris HCl (pH 7.5), 137 mM 
NaCl, 1 mM KC1, 1 mM MgCl 2 , 1 mM CaCl 2 , and 1 mM 
MnCl2] for coating, 0.05% Tween 20 in Tris-buffered saline for 
washing, and 10 mg/ml trypsin (Difco) in Tris-buffered saline 
for elution. Trypsinization was for 30 min at 37°C. The washing 
steps were increased from 5 in the first round to 10 in the 
second round and 15 in the third and fourth rounds. The 
output phage pool of each round was monitored by phage 
ELISA using sheep anti-M13 conjugated to horseradish per- 
oxidase (Pharmacia) as secondary antibody. After the fourth 
round, phage were produced from single clones and tested for 
binding to av# by phage ELISA. Light chain-coding se- 
quences of positive clones were analyzed by DNA sequencing 
using the primer OMPSEQ (5 ' - A AG AC AGCTATCGCG AT- 
TGCAG-3'). 

Substitution of the LM609 Fd Fragment by a Human Fd 
Fragment That Contains the HCDR3 of LM609. Three PCR 
fragments were fused in one step by overlap-extension PCR. 
Using the selected phagemids from the light chain panning as a 
template, fragment 1 was amplified with the PCR primer pair 
RSC-F (5 '-GAGG AGG AGGAGG AGG AGGCGGGGC- 
CCAGGCGGCCGAGCTC-3')/lead-B (5'-GGCCATGGCTG- 
GTTGGGCAGC-3 ' ) . While the sense primer RSC-F hybridizes 
to a sequence upstream of the light chain-coding sequence, the 
antisense primer lead-B hybridizes to a sequence upstream of the 
Fd fragment-coding sequence. The amplified human sequences 
encoding FR1 through FR3 of the Vh fragment (see above) were 
used as fragment 2. Fragment 3 was amplified with the PCR 
primer pair CR501/HIgGl-B (5 ' -GCAG AGCCCA A ATCTT- 
GTGACACTAGTGGCCAGGCCGGCCAG-3') using the hy- 
brid mouse/human Fd fragment (see above) as a template. The 
antisense primer HIgGl-B hybridizes to the 3' end of the 
Cnl-coding sequence. Using the 21 -bp overlap of lead-B with the 
HFVH-F primers and the 24-bp overlap of BFR3UN with 
CR501, the three fragments were fused and amplified with the 
PCR primer pair RSC-F/RSC-B (5 '-G AGG AGG AGG AG- 
GAGG AGCCTGGCCGGCCTGGCCACTAGTG-3 '). The an- 
tisense primer RSC-B overlaps with HIgGl-B. RSC-F and 
RSC-B introduce two asymmetric Sfil sites. To maintain high 
complexity, separate PCRs were performed for each selected 
phagemid from the light chain panning (fragment 1) and for each 
of the five Vh fragment pools derived from the five first-strand 
cDNA sources (fragment 2). The generated fragments encoding 
the selected human light chains linked to human Fd fragments 
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were cut with Sfil and ligated into the appropriately digested 
phagemid vector pComb3H, generating a library of 3 X 10 7 
independent transformants. DNA sequencing revealed the cor- 
rect assembly of the fused DNA fragments. Four rounds of 
panning against immobilized human integrin ay/h were carried 
out as described for the light chain panning. The output phage 
pool of each round was monitored by phage ELISA. After the 
fourth round, soluble Fab was produced from single clones as 
described (10) and tested for binding to immobilized av# by 
ELISA using goat anti-human F(ab'>2 conjugated to alkaline 
phosphatase (Pierce) as secondary antibody. Light chain- and Fd 
fragment-coding sequences of positive clones were analyzed by 
DNA sequencing using the primers OMPSEQ and PELSEQ, 
respectively. 

Flow Cytometry. Flow cytometry was performed using a 
FACSscan instrument from Becton Dickinson. For each deter- 
mination, 5 x 10 3 untransfected hamster CS-1 cells or hamster 
CS-1 cells transfected with either human # or fa cDNA were 
analyzed. Indirect immunofluorescence staining was performed 
with 2 ^g/ml Fab in 1% BSA, 25 mM Hepes, and 0.05% sodium 
azide in PBS supplemented with 1% nonimmune goat serum. A 
1:100 dilution of fluorescein isothiocyanate-conjugated goat anti- 
human F(ab')2 (Jackson Immuno Research Laboratories) was 
used for detection. Incubation with primary antibodies was for 
1 h, with secondary antibodies for 30 min, at room temperature. 
Competition experiments were performed by adding a fourfold 
molar excess of LM609 or AP3 IgG to the incubation mixture 
with the primary antibodies. 

Surface Plasmon Resonance. Association (k on ) and dissocia- 
tion (kou) rate constants for binding of mouse and humanized 
LM609 Fab to human integrin were determined by surface 
plasmon resonance on a Biacore instrument (Pharmacia). The 
sensor chip was activated for immobilization with TV-hydroxysuc- 
cinimide and Af-ethyl-W-(3-diethyl aniinopropyl)carbodiimide 
according to the methods outlined by Pharmacia. Human integrin 
was coupled to the surface by injection of 6-9 /A of a 50 
ng//d sample in 10 mM sodium acetate (pH 3.5). Between 5,000 
and 10,000 resonance units were immobilized. Subsequendy, the 
sensor chip was deactivated with 1 M ethanolamine (pH 8.5). 
Binding of Fab to avA w *s studied by injection of Fab in a range 
of concentrations (10-600 nM), using PBS as a running buffer. 
The sensor chip was regenerated with 10 mM HC1 and remained 
active for at least 50 measurements. Based on five measurements 
at different Fab concentrations, the *on and k^f values were 
calculated using Biacore kinetics evaluation software (Pharma- 
cia) and the equilibrium dissociation constant, Ad, was calculated 
fromJW&on. The reliability of the data was validated by analyzing 
the binding of each Fab on at least two different sensor chips and 
by applying the internal consistency tests suggested by Schuck and 
Minton (15). In addition, the rough range of the IQ values was 
independently confirmed by competition ELISA using a proce- 
dure described by Friguet et al. (16). 

RESULTS 

cDNA Cloning of LM609. cDNAs encoding the Fd fragment 
and entire light chain were cloned by PCR from LM609- 
expressing hybridoma cells (6). The PCR products were cloned 
into the phage display vector pComb3H (9), which is derived from 
pComb3 (10), and engineered to facilitate the expression of Fab 
on the surface of M13 filamentous phage. Phage displaying 
LM609 Fab were selected by panning against immobilized human 
integrin avyfib and the corresponding cDNA sequences were 
determined. The cloned LM609 Fab purified from E. coli dem- 
onstrated specific binding to avA us i n g tne ELISA. 

Humanization of the Light Chain of LM609. Our human- 
ization strategy is outlined in Fig. 1. It involves two selection 
steps for the sequential humanization of the light chain and the 
Fd fragment of the heavy chain. Throughout these selections 
the only preserved sequences in the variable domains of light 



chain ( V L ) and heavy chain ( V H ) are two of six CDRs, LCDR3 
and HCDR3. 

For the humanization of the light chain, the mouse Fd 
fragment was substituted by a chimeric Fd fragment composed 
of mouse V H linked to the human constant domain 1 of the 
heavy chain, ChI. A single residue in the mouse FR4 was 
converted to the corresponding human residue, resulting in 
complete humanization of the FR4 region. Humanization of 
the light chain began by substituting the V* gene segment of 
LM609 by a human V* and V* gene library joined at the 
LCDR3 junction. As described for the Fd fragment, the FR4 
region was humanized by one amino acid change and ap- 
pended to a human C* region. To ensure a highly diverse V 
gene library, the human antibody sequences were amplified 
from cDNA prepared from the bone marrow of five healthy 
individuals using a variety of oligonucleotides that were de- 
signed to amplify most of the known human antibody se- 
quences (see Materials and Methods). The corresponding 
phage libraries displaying hybrid Fab were combined and 
selected by four rounds of panning against immobilized human 
integrin Analysis of the output phage pool from each 
round for binding to by phage ELISA revealed an 

increasing signal. After the fourth round of selection, six clones 
that demonstrated strong reactivity to the antigen were stud- 
ied. DNA sequence analysis of these clones revealed three 
different light chain sequences. Two light chains (Fig. 2/1), 
found in five of six positive clones, differed in only four amino 
acids (i.e., they were 96% identical), whereas a third light chain 
sequence shared about 80% identity with the other two (data 
not shown). This latter sequence consisted of two parts, each 
of which could be aligned to germ-line genes from different V* 
families; thus, this light chain sequence probably arose from 
PCR crossover, which has been reported to occur frequently in 
the amplification of antibody sequences (17). 

The selected human light chains are k light chains as was the 
original mouse light chain. Databank screening revealed that the 
selected human light chains are derived from the same germ-line 
gene, namely, DPK-26, which belongs to the V«6 family (Fig. 1A). 
This result supports a strong selection for the light chains since the 
V*6 family represents only a small fraction of the expressed 
human V* repertoire (18, 19). An obvious reason for this strong 
selection is the strong sequence similarity between the selected 
human light chains and the original mouse light chain. Limited 
sequencing of the unselected library confirmed its diversity and 
did not reveal any V*6-containing clones. Moreover, in contrast 
to the unselected sequences, both LCDR1 and LCDR2 of the 
selected human light chains are highly similar to the correspond- 
ing mouse sequence (Fig. 2A). The C-terminal amino acid of FR2 
(Kabat position 49; ref. 12) of the original mouse light chain 
sequence is a lysine, which is an unusual amino acid at this 
position and, thus, may be involved in the formation of the 
antigen-binding site. Interestingly, this lysine is conserved in our 
selected sequences (Fig. 1A) as well as in the two known human 



VH CHI 




nonhuman human LC library human Fd library human 

Fab with grafted LCDR3 wtth grafted HC0R3 Fab 

Fig. 1. Humanization of nonhuman monoclonal antibodies by a 
combination of CDR grafting and V gene shuffling. Nonhuman se- 
quences are shown in gray, human sequences in white. In the first step, 
a chimeric nonhuman/human Fd fragment is used as a template for the 
selection of a human light chain that contains the grafted LCDR3 loop 
of the nonhuman light chain. In the second step, a human Fd fragment 
that contains the grafted HCDR3 loop of the nonhuman Fd fragment is 
selected. The sequential V gene shuffling procedure is based on phage 
display. LCDR3, complementarity-determining region 3 of light chain; 
HCDR3, complementarity-determining region 3 of heavy chain. 
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A V. sequences 

4 FR1 CDR1 

mouse ELVKTQT PATLSVTPODSVSl^C RASQSISNHLH 

DPK-26 -I-L--S-OPQ ICEK-TIT- OSS— 

human 1 s-etq ket-tit- — — o-gts— 

human* s-epq- — rot-tit- d-g-s-- 



FR2 CDR2 

mrQQXSBESPRZiLIK YASQSIS 

PDQ--K F- 

PGQ — K PVP 

PGQ — K PVP 



FR3 



COR3 
QQSNSWVHT 



FR4 
POOCTKLEXK 



QI PSRTSOSGbUTUJTLS INSVET EDFGMYTC 

-V T L-A- -AAY-Y- 

-V R T-Y-L-A AV-Y- ~Q 

-V R T-SJU/-P AV-Y- «Q 



B V N sequences 



FR1 



mouse m ^p.'mnm.v nnmsjttxr^sanrK 

human 1 0 — vq — atvr — s-vkv — K — GT-- 

human 4 q — q — P sqt-s-t-tv— asi- 

human 4 Q — Q — P sqt-f-t-tv— gsi- 

human* q — q — p set-s-t-tv — csi- 

human' o — q — p set-s-t-sv— GSi- 



CDR1 FR2 

SYOKS WVRQIPEKRLEWVA 

CFAV- A-C&-P-- LC 

BQGYYMS -I — Y-GNS 10 

SOOYYWS -I-KH-OKO 10 

SOGYYWS -I— H-GKO IO 

SOGYYWS -I-HH-GKG---IO 



C0R2 
KVSSOQGSTYYLDTVQC 

CIVASL D-AQKF-D 

YXH KS NPSLKS 

YTH HRAAP — KPSUES 

YTH HSAG HPStJCS 

YTH HSAG HFSIiKS 



FR3 

RFTXSIUKAKHn.YLQKSSLKSayTAICYYCAR 

KL—TV-ESTA-VYMH-RN-R-D V 

-V--A1 -TS--0-S-RLT-VTAA V 

-V V-TSR-QIS-KLR-VTAA V 

-V-K-V-TS — O-S-KLT-VTAA V 

-V-M-A-TS— Q-S-KLA-VTAA- ~V 



C0R3 
HMYGSFAY 



FR4 
M3QQTLVTVSA 



Fig. 2. Amino acid sequence alignment of mouse and humanized LM609. Shown are FRs and CDRs. Dashes indicate identical amino acids. 
Note that due to our grafting procedure CDR3 is identical in the original mouse and the selected human sequences. (A) Alignment of the selected 
human Vl sequences. Databank screening revealed that the two selected human Vl sequences are derived from germ-line DPK-26 of the V*3 family. 
(B) Alignment of the selected human Vh sequences. Five different human Vh sequences were selected. Four of them, represented by clones 7, 
4, 24, and 2, are highly related in amino acid sequence; they share an identical Vl domain and an amino acid sequence identity of at least 85% 
in their Vh domains. The Vh sequences are all derived from germ-line DP-65 or the highly related DP-78. In contrast, clone 11 represents a 
humanized version with a Vh domain that is derived from a different germ-line family. This humanized version also contains a different Vl domain 
which is 96% identical and derived from the same germ-line. Germ-lines were determined by nucleic acid sequence alignment using DNAPLOT 
software provided by the VBASE Directory of Human V Gene Sequences (http://www.mrc-crje.cam.ac.uk/imt-doc/). 'clone 1 1, germ-line DPK-26 
(V*6 family); Clones 2, 4, 7, 24, germ-line DPK-26 (V„6 family); 3 clone 11, germ-line DP-10 (V H 1 family); 4 clone 7, germ-line DP-78 ( V H 4 family); 
5 clone 4, germ-line DP-65 (V H 4 family); 6 clone 24, germ-line DP-65 (V H 4 family); 7 clone 2, germ-line DP-65 (V H 4 family). 



germ-line V«6 sequences, whereas all of the unselected sequences 
that were analyzed contained a tyrosine instead. The V„6 family 
is the only human V* family that contains a lysine at this position. 
To study whether the selected human light chains are derived 
from germ-line V genes that are most similar to the original 
mouse light chain, the VBASE directory of human V gene 
sequences (maintained by I. M. Tomlinson, @ httpr/Avww.mrc- 
cpe.cam.ac.uk/imt-doc/) was searched for the highest sequence 
similarity with the original V L . Indeed, germ-lines DPK-26 and 
DPK-25, the only two members of the V«6 family, were deter- 
mined to be most similar to the original mouse light chain. Thus, 
library and databank screening yielded the same result. 

Three clones from the light chain selection demonstrated 
weaker binding to avfa than the six clones discussed above, but 
still gave significant binding above background. DNA sequencing 
revealed three unrelated V* sequences that had no apparent 
similarity to the original mouse V* sequence. The V A sequences, 
along with the selected V* sequences (and with the exception of 
the clone containing the PCR crossover), were used as templates 
in the human ization of the heavy chain of LM609. 

Humanization of the Heavy Chain of LM609. A library of Fd 
fragments was prepared by stitching human V H gene libraries 
onto the chimeric Fd fragment described above. These libraries 
were paired with the four selected human light chains and were 
selected by four rounds of panning against immobilized human 
integrin avfa. As seen for the human light chain selection, 
analysis of the output phage pool from each round for binding to 
avfa by phage ELJSA revealed an increasing signal. After the 
fourth round, Fab was produced from single clones and tested for 
binding to avfa by ELJSA. Light chain- and Fd fragment-coding 
sequences from 14 binding clones were determined by DNA 
sequencing and revealed five different sequences (Fig. 2). The 
two human k light chains with the highest sequence homology to 
the LM609 light chain were reselected. One of them was found 
to pair with four different Fd fragments that were closely related 
to each other (85-96% sequence identity) and derived from 
germ-line DP-65 or DP-78 of the V H 4 family. The other human 
k light chain was found to pair with a Fd fragment that was 
derived from germ-line DP-10 of the VhI family. Neither germ- 
lines from the Vh4 nor the VhI family show high sequence 
homology with the Vh of LM609. Indeed, databank screening 
yielded a germ-line from the Vh3 family as the best human match 
for the Vh of LM609. Phylogenetic analysis has shown that VhI, 
Vh3, and Vh4 not only form separate families but belong to 
different clans of the human Vh germ-lines (20). In retrospect, \ A 
selections should have been performed independent of V* se- 
lections to ensure the retention of highly diverse light chains in the 



humanized antibodies. The V* antibodies may have been lost in 
the selections for reasons other than antibody affinity, such as 
their relative toxicity to £. coli. 

Binding Specificity and Affinity of Humanized LM609. Five 
humanized LM609 versions, represented by clones 11, 7, 4, 24, 
and 2 were produced as soluble Fab by E. coli, purified by 
affinity chromatography, and their binding specificity and 
affinity was analyzed. Humanized LM609, which had been 
selected by binding to immobilized and thus potentially dena- 
tured human integrin avfa, was tested for binding to native 
human integrin a v fa expressed on the cell surface. For this, 
binding of humanized LM609 to untransfected CS-1 hamster 
cells and CS-1 hamster cells transfected with either human fa 
or cDNA (7) was analyzed by flow cytometry. By recruiting 
the endogenous hamster polypeptide, the human fa and fa 
polypeptides form functional integrins on the cell surface (7). 
Like mouse LM609, and in contrast to unrelated human Fab 
fragments that were used as controls (data not shown), all five 
humanized versions of LM609 revealed specific binding to 
CS-1 hamster cells transfected with human fa (Fig. 14). 
Binding of all five humanized LM609 versions to CS-1 cells 
transfected with human fa cDNA could be blocked by an 
excess of LM609. As shown in Fig. 3B, a fourfold molar excess 
of mouse LM609 IgG blocked binding of humanized LM609 
almost completely, whereas the same concentration of mouse 




Fio. 3. Flow cytometry histograms demonstrating that humanized 
LM609 binds specifically to human integrin a v fa and can be blocked 
by mouse LM609. (A) Binding of humanized LM609 Fab to untrans- 
fected CS-1 hamster cells (fine line) and CS-1 hamster cells transfected 
with either human fa (bold line) or fa cDNA (dotted line). (B) Binding 
of humanized LM609 Fab to CS-1 hamster cells transfected with 
human fa cDNA in the presence of a fourfold molar excess of mouse 
AP3 IgG (fine line) or mouse LM609 IgG (bold line). Clones 11, 7, 4, 
24, and 2 represent the five humanized LM609 versions (cf. Fig. 2). 
Controls in A and B are based on identical experiments using buffer 
instead of humanized LM609 Fab. The y axis gives the number of 
events in linear scale, the x axis the fluorescence intensity in logarith- 
mic scale. 
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Table 1. Binding kinetics of mouse LM609 and humanized 
LM609 Fab 
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Wio- 4 , 




Clone 




S" 1 


nM 


LM609* 


14 


4.6 


3.3 


LM609 


8.6 


8.6 


10 


11 


1.0 


16 


160 


7 


18 


5.4 


3.0 


4 


6.8 


5.8 


8.5 


24 


13 


9.9 


7.6 


. 2 


11 


7.5 


6.8 



Binding kinetics were determined using surface plasmon resonance. 
Human integrin c^fo was immobilized on the sensor chip. The Kd value 
was calculated from k Q t(/k oa . Clones 11, 7, 4, 24, and 2 represent the 
five humanized LM609 versions (cf. Fig. 2). Fab was produced by £. 
coli except LM609* which was prepared from IgG by papain digestion. 

AP3 IgG directed to a different epitope on human integrin 
a v fo had no effect. A 20-fold molar excess of LM609 Fab 
derived from IgG by papain digestion also blocked the binding 
of humanized LM609 (data not shown). Control experiments 
revealed that both LM609 and AP3 bound to a v fo expressed 
on the cell surface. Potential cross-reactivity of humanized 
LM609 with human integrin au b /h was analyzed by ELISA. 
Whereas an engineered RGD peptide mimetic antibody Fab-9 
with known cross-reactivity (21) bound to both immobilized 
human integrin a v fc and otibA, cross-reactivity with an b # was 
not detected for mouse LM609 nor its five humanized versions. 

The kinetic parameters of Fab binding to human integrin 
binding were determined using surface plasmon resonance and 
the affinities were calculated from these kinetic parameters 
(Table 1). Analysis of these binding data revealed that the four 
humanized LM609 versions with the high sequence similarity, 
represented by clones 7, 4, 24, and 2, also show similar affinities 
for a,fo. Clones 4, 24, and 2, which are derived from the same 
germ-lines, have almost identical K& values in the range of 7-9 
nM. Clone 7, which shares the same light chain but contains a Fd 
fragment that is derived from a different, though highly related 
V H germ-line, has a moderately higher affinity with a IQ value of 
3 nM. In contrast, clone 11 with the unrelated Fd fragment has 
a much weaker affinity, which is mainly caused by a lower 
association rate constant (Table 1). LM609 Fab was analyzed for 
comparison. As Table 1 shows, Fab that was generated by papain 
digestion from LM609 IgG revealed an affinity with a IQ value of 
about 3 nM, whereas the affinity of Fab produced by E. coli was 
weaker by a factor of three. It is likely that this discrepancy is 
partly due to a lower concentration of functional Fab in prepa- 
rations from E. coli. However, the higher dissociation rate con- 
stant of E. co//-derived LM609 Fab, which is independent from 
the concentration, indicates that the quality of the antigen- 
binding site might be affected as well. In any case, the humanized 
LM609 versions were derived from E. coli as well and, thus, 
should be compared with the corresponding LM609 preparation. 
Such a comparison (Table 1) shows that four of five humanized 
antibodies have an affinity that is as good as or better than the 
original mouse antibody. 

DISCUSSION 

Though rodent mAbs have long been regarded as powerful 
therapeutic agents, a major obstacle for clinical applications has 
been their immunogenicity in humans. Two routes in antibody 
engineering have been taken to overcome the immunogenicity of 
mAbs, either the humanization of rodent mAbs or the direct 
generation of human mAbs. The latter route has recently gained 
importance with the development of new methodologies that 
allow the selection of human mAbs from immune, naive, and 
synthetic human antibody libraries displayed on phage (22, 23) as 
well as from transgenic mice (24). More than 20 yr of mAb 
generation by the classical hybridoma technology, however, has 
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yielded a number of promising pharmaceutical candidates and 
their humanization compares well to the de novo generation and 
characterization of human mAb for accessing clinical applications 
in the coming years. 

Currently, CDR grafting is the most frequently used strategy 
for the humanization of rodent mAbs (25). In this approach the 
six CDR loops comprising the antigen-binding site of the rodent 
mAb are grafted into corresponding human framework regions. 
CDR grafting takes advantage of the conserved structure of the 
variable Ig domains, with the four framework regions serving as 
a scaffold that supports the CDR loops. CDR grafting often yields 
humanized antibodies with much lower affinity because frame- 
work residues are involved in antigen binding, either indirectly, by 
supporting the conformation of the CDR loops, or directly, by 
contacting the antigen (26). Therefore, it is usually necessary to 
replace certain framework residues in addition to CDR grafting. 
The fact that about 30 framework residues potentially contribute 
to antigen binding (26) makes this fine-tuning step very laborious. 
Another humanization strategy is the method of resurfacing (27). 
In this approach only the surface residues of a rodent antibody are 
humanized. 

Though both CDR grafting and resurfacing are based on 
rational design strategies and iterative optimization (i.e., site- 
directed mutagenesis of framework residues aided by com- 
puter modeling), selective approaches (i.e., randomization of 
a small set of framework residues and subsequent selection 
from phage display libraries) have been reported recently in 
humanization strategies (28, 29). 

In vitro selection and evolution of antibodies derived from 
phage display libraries have become a powerful tool in anti- 
body engineering (for recent reviews cf. refs. 9 and 30). An 
entirely selective humanization strategy based on phage dis- 
play libraries has been reported by Jespers et al. (31). In two 
steps, each polypeptide of the rodent antibody, either light 
chain or heavy chain, is replaced by a corresponding human 
polypeptide library and the resulting hybrid antibody library is 
selected by panning against the particular antigen. Though this 
strategy may compete with CDR grafting because the arduous 
fine-tuning steps are unnecessary, the lack of other successful 
applications of this approach — and our failed attempts to 
humanize LM609 by this approach for comparative studies — 
suggest that in contrast to CDR grafting, the general applica- 
bility of this approach for antibody humanization is uncertain. 
Also, since this approach is a sequential chain shuffling 
procedure, it may lead to the production of a humanized 
antibody that recognizes a slightly different epitope (32-34). It 
has been observed that antibodies consisting of the same heavy 
chain paired with light chains that differ in LCDR3 and 
elsewhere in Vl may bind different epitopes on the same 
antigen. It is conceivable that this is an interesting feature in 
particular cases; however, alteration of antigen specificity 
following antibody humanization is not desired in general. 

Based on these general considerations, we designed a strategy 
that recognizes the key roles of HCDR3 and LCDR3 in antigen 
recognition and combined this with a selective approach that 
eliminates the arduous fine-tuning steps associated with CDR 
grafting as well as all mouse sequence. This strategy for human- 
izing antibodies is presented in Fig. 1. In the first step a human 
light chain library with the grafted original LCDR3 replaces the 
original light chain and a chimeric Fd fragment consisting of the 
original Vh Ig domain fused to a human ChI Ig domain replaces 
the original Fd fragment. FR4 of both chains is directly human- 
ized by simple point mutations prior to the first selective step. 
Sequence changes required in this region should in general be 
minimal given the substantial homology between mouse and 
human J genes and should have little effect on the affinity. 
Human constant regions are preferred to stabilize the hybrid Fab 
of the first selection step by the interaction of two matching 
human constant domains C* and ChI. In addition, Fab carrying 
human constant regions are often better expressed in E. coli (35, 
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36; C.R. and C.F.B. III, unpublished observations), a prerequisite 
for phage display. In the second step, the selected human light 
chains from the first step are paired with a human Fd fragment 
library containing the original HCDR3. Since the heavy chain 
typically plays the most dominant role in antigen recognition, it 
is conserved in the first selection step. 

By preserving the original LCDR3 and HCDR3 sequences of 
LM609 while subjecting the remaining sequence to selection, our 
human ization strategy was designed to ensure antigen specificity 
and epitope conservation. LCDR3 and HCDR3 contain the 
hypervariable joints of the V/J and V/D/J gene rearrangements 
that participate in direct antigen contact in all studied antigen/ 
antibody complexes (37). Unlike the other CDR regions, both 
LCDR3 and HCDR3 interact with all three CDRs of the other 
variable domain (38). Thus, although generalizations might be 
misleading (37), LCDR3 and HCDR3 can be considered to make 
the most significant contributions to affinity and specificity. Given 
the tremendous sequence diversity displayed by human antibod- 
ies in these regions and the mechanism of its generation, it is 
difficult, if not impossible in most cases, to classify sequences of 
these regions as either mouse or human. Thus, from the perspec- 
tive of sequence these antibodies may be considered completely 
human. Human HCDR3s are, however, on average longer than 
mouse HCDR3s and encompass the full range of lengths utilized 
by mice (39). The HCDR3 length of eight amino acids found in 
LM609 is well represented in both mouse and human antibodies 
(39). HCDR3 length will not likely be a significant issue in mouse 
to human conversions. 

Antigen specificity and epitope conservation are critical de- 
mands in the humanization of LM609. LM609 binds to a con- 
formational epitope on human integrin Ovfh- Importantly, by 
binding to this epitope LM609 induces apoptosis in vascular cells 
expressing (3). In contrast to antibodies that are engineered 
RGD peptide mimics (21), LM609 does not recognize the related 
human integrin aiibfh. A cross-reactivity with human integrin 
otibjflb, which is expressed on platelets, would preclude the use of 
LM609 as a tool in cancer therapy. The five humanized LM609 
versions were analyzed for antigen specificity in terms of cross- 
reactivity with the human integrins otn>A anc * ^vA* which are 
closely related to av/% in sequence and function (40). Neither 
otibA nor ceyfc was recognized by the five humanized versions of 
LM609. In addition, all appeared to bind to the same epitope on 
avfh as LM609, as their binding was specifically blocked in the 
presence of a molar excess of LM609 but not of AP3, a mAb that 
binds a different epitope on human integrin a*fh- In addition to 
the binding specificity, the binding affinity provides evidence that 
epitope conservation was obtained; three of five humanized 
LM609 versions bound c^fo with an affinity very similar to that 
of LM609. Yet, the contribution of the selected CDRs to the 
antigen-binding site is obvious from the fact that one humanized 
LM609 version binds with higher, and another with slightly 
lower, affinity. 

The generation of different humanized versions of the parental 
antibody is an attractive result of this methodology. CDR graft- 
ing, in contrast, generates a single humanized version. It is 
anticipated that an antiangiogenic strategy for cancer therapy 
would require long-term administration of antibody. It is con- 
ceivable that repeated therapeutic application may produce an 
antiidiotypic response that ablates the efficacy of the antibody. 
Administration of an equally potent antibody that is unreactive to 
the antiidiotypic response generated by the first would allow 
therapy to continue. Indeed, introduction of modest changes 
within the variable domain of an antibody can dramatically alter 
its reactivity to an antiidiotypic response (41). Finally, a practical 
advantage of producing multiple humanized antibodies is that the 
expression level of antibodies is antibody dependent. Thus, one or 
more of the humanized antibodies may be more suitable for 
large-scale production. 
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